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Deep virtual vector meson leptoproduction at small XBj is analyzed in 
the framework of generalized parton distributions. It is shown that the 
inclusion of transverse degrees of freedom leads to reasonable agreement 
with the cross section data for light mesons. 

In this article we report on an investigation of vector meson leptoproduction 
off protons at small ccbj and large photon virtuality, Q^. In this kinematical re- 
gion the process factorizes [1] into a hard subprocess, meson leptoproduction off 
partons, and a soft proton matrix element which represents a gluonic general- 
ized parton distribution (GPD) [2]. At large Q^, the cross section is dominated 
by photon-meson transitions where both the particles are longitudinally po- 
larized. Other transitions are suppressed by at least 1/Q as compared to the 
leading-twist one, j1 ^ Vl- It has, however, turned out that the leading-twist 
contribution to the cross section is substantially exceeds experiment [3]. This 
parallels observations made within the two-gluon exchange model. As argued in 
[4] transverse momentum effects in the photon wave function provides sufficient 
suppression of the two-gluon exchange amplitude in order to achieve agreement 
with experiment. We remark that GPD corrections to the two-gluon exchange 
model have been estimated in [5] . 

Motivated by experience with meson form factors [6, 7] and with meson 
leptoproduction at large XBj [8] we are going to modify the leading-twist GPD 
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approach by the inchision of transverse degrees of freedom and Sudakov sup- 
pressions in the subprocess in order to suppress the contributions from the 
end-point regions where one of the partons entering the meson wave function 
becomes soft and, hence, factorization breaks down. 

As shown in [1], to leading- twist accuracy, the jlP ^ VlV amphtude reads 

at small xbj • The skewness ^ is approximately given by ^ ~ a;Bj /2 ~ Q^/ (2 W^) 
in the kinematical region of interested here {W is cm. energy of the Vp system). 
Examples of flavor factors are 

Cp = l/^/2, C^ = -l/3. (2) 

To leading order (one-gluon exchange) the amplitude for the partonic subpro- 
cess, 7ifif — > VlQ, acquires the form 



(,) 47ra.(Q/2)/v [\_ <^v{t) 



The meson's decay constant and distribution amplitude are denoted by fv and 
i>v, respectively. A model for the gluonic GPD, , is constructed by starting 
from a double distribution [9] and writing it as a product of the ordinary 
gluon distribution xg{x), a factor f{t) that models the f-dependence, and an 
additional x, y dependence 

p{x,y,t)=6^^^^^^xg{x)m. (4) 

Using results given for instance in [9] , can be straightforwardly worked out 
from (4). It is obviously related to the ordinary parton distribution which, for 
small X, can be approximated by 

xg{x, Q^) ~ i.94ar-0-i7-o.05in(QVQg) ^ (5) 

where = 4GeV^. 

Let us now turn to the modifiation of the leading-twist amplitude in a way 
analogously to the treatment of the electromagnetic meson form factors [6, 7]. 
The basic idea is to retain the transverse momenta of quark and antiquark 
forming the meson ( defined with respect to the meson's momentum) . Accord- 
ing to phenomenological experience these transverse momenta are large since 
the valence Fock state of the meson is rather compact. On the other hand. 
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the transverse momenta of the gluons (defined with respect to the proton mo- 
menta) emitted and reabsorbed by the protons, are much smaller because the 
full proton with its large radius is to be considered. In contrast to [8] we ne- 
glect the latter transverse momenta. Our approach is is similar in spirit to the 
modification of the two-gluon exchange model proposed in [4] . 

Taking into account transverse quark momenta, we have to replace the 
distribution amplitude by a soft light-cone wave function for which we 
adopt a Gaussian parameterisation [7] 



*y(T,k_L) = 



'2N\,fvav exp 



(1-r) 



(6) 



Transverse momentum integration of (6) leads to the associated distribution 
amplitude = Gtt, the asymptotic form of a meson distribution amplitude. 
For the decay constants fv we take the values 0.216GeV and 0.237GeV for p 
and (j) mesons, respectively. For the transverse size parameter ap we use a value 
of 0.6 GeV~^ which leads to a r.m.s. transverse momentum of 0.6 GeV and a 
valence Fock state probability of about 1/4, the same value as for the pion [7]. 
In the case of (/)- meson production we take = 0.45 GeV~^. 

In the quark propagators of the subprocess amplitude we have to consider 
the transverse momenta too. A typical modification of a quark propagator is 
then 
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For consistency the inclusion of transverse degrees of freedom is to be accom- 
panied by Sudakov suppressions. Since the Sudakov factor S exponentiates in 
the transverse separation space it is convenient to work in b space. Fourier 
transforming the wave function and the subprocess amplitude and collecting 
all terms, we obtain for the gluonic contribution to the helicity amplitude of 
vector meson photoproduction at small Xbj 



■'*^'o-i-,o-i- 



Jd% ^(r, -b) Hgix, T, Q, b) exp [-S{t, b, Q)] . 



(8) 



Here, Tig and ^' are the plural Fourier transforms of the subprocess amplitude 
and wave function, respectively. The Sudakov factor has been calculated by 
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Botts and Stcrman [11] to ncxt-to- leading- log approximation using rcsumma- 
tion techniques; its explicit form can be found for instance in [12]. The Fourier 
transform of the subprocess amplitude leads to Bessel functions like Ko{y/TQb). 
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Fig. 1. The cross section for "f* p ^ 
p° p vs. W for fixed values of Q^. 
Data are taken from [10]; ZEUS(95) 
open triangles, ZEUS(98) full circles. 




Fig. 2. The longitudinal cross sec- 
tions at W = 75GeV extracted in 
[13]. The solid (dashed) line repre- 
sent our results for p {(j)) production. 



Our results for the ^*p pp cross section are shown on Fig.l. The full 
cross section has been obtained from the longitudinal one by adding to it the 
transverse contribution through 

(t{j*p~> pp) ^ aL{j*P^ pp){e+ . (9) 

A value of 3 for the ratio of longitudinal over transversal cross sections and 
e ~ 1 has been used by us. As can be seen from Fig. 1 good agreement of our 
approach with experiment [10] is obtained for a large range of W and Q^. 

In Fig. 2 we show the longitudinal cross sections for p and (j) production 
extracted from 7*p Vp in [13] (references to the HI and ZEUS data can 
be found therein). Again good agreement with experiment is to be observed 
in the case of p as well as in that of cj) meson. We note that our results for p 
and (j) production approximately scale as the squared flavor factors, [C^/CpY. 
This comes about as a consequence of the quark charges in the mesons and the 
similarity of the wave functions for the light vector mesons. 
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We conclude - the GPD approach to vector meson leptoproduction at small 
Xbj , modified by the inclusion of tranverse momenta in the meson wave func- 
tion and Sudakov suppressions, leads to reasonable agreement between theory 
and experiment for p and (f) production cross sections. It is worth mentioning 
that our approach can also be applied to 7^ Vl and 7^ Vr transitions. 
The infrared divergencies occuring in these transition amplitudes which signal 
the breakdown of factorization [14] are regulated by by the quark transverse 
momenta. 
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